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Introduction 

Tumor  progression  induces  the  growth  of  endothelial  cells  by  releasing  angiogenic 
factors.  This  is  accompanied  by  down-regulation  of  local  tissue  inhibitors  of  endothelian 
cell  proliferation  such  as  angiostatin  and  endostatin.  Both  proteins  target  normal 
endothelial  cells  and  effectively  regress  large  tumors  in  animals.  However,  animal 
studies  demonstrate  that  an  effective  treatment  requires  long-term  administration  of 
angiogenesis  inhibitors.  Thus,  delivery  of  angiogenesis  inhibitor  genes  to  tumor  sites 
should  increase  local  concentration  of  these  proteins,  leading  to  the  retardation  of  tumor 
progression  and  metastasis.  We  propose  to  use  HIV  vectors  to  deliver  the  endostatin  and 
angiostatin  genes  into  human  prostate  cancer  cell  lines  in  culture.  The  effect  of  these  two 
proteins  will  be  evaluated  by  tumor  formation  and  metastasis  in  nude  mice  grafted  with 
the  transduced  cells.  During  the  past  fiscal  year,  we  have  established  stable  human 
prostate  PC3  cell  lines  expressing  either  endostatin,  angiostatin  or  both  angiogenesis 
inhibitors  together.  The  expression  of  these  proteins  had  no  effect  on  the  growth  rate  of 
PC3  cells.  However,  culture  supernatant  harvested  from  these  cell  lines  exhibited  growth 
inhibition  of  primary  human  endothelial  cells  in  culture.  We  used  two  different  assays  to 
detect  potential  contamination  of  replication  competent  lentivirus  (RCL)  in  these 
established  cell  lines  and  failed  to  detect  the  presence  RCL.  We  have  now  implanted 
these  cells  onto  nude  mice  and  are  in  the  process  of  evaluating  the  effect  of  the 
angiogenesis  inhibitor  on  tumor  growth  in  vivo. 


Body 

During  this  fiscal  year,  we  have  established  stable  cell  clones  derived  from  human 
prostate  cancer  cell  line,  PC3,  expressing  angiogenesis  inhibitors.  These  transduced  cells 
will  then  be  tested  for  their  tumorigenicity  in  vivo.  PC3  cells  were  transduced  with 
either  HIV7/GFP  containing  only  the  GFP  gene,  HIV7/endo  containing  the  endostatin 
cDNA,  HIV7/angio  containing  the  angiostatin  cDNA  or  both  HIV7/endo  and  HIV7/angio 
at  high  multiplicity  of  infection  (MOI).  Since  both  HIV7/endo  and  HIV7/angio  also 
carry  the  GFP  gene,  the  efficiency  of  PC3  transduction  can  be  determined  by  the  FACS 
analysis  of  GFP+  cells.  As  shown  in  Fig.  1,  at  an  MOI  of  5,  approximately  20%  of  file 

PC3  cells  became 
GFP+.  In  contrast, 
more  than  90%  of 
HIV7/GFP 
transduced  cells 
became  GFP+  with 
the  same  MOI.  To 
increase  the  fraction 
of  cells  expressing 
the  angiogenesis 

inhibitor,  PC3  cells  were  repeatedly  transduced  with  the  HIV  vectors  at  the  MOI  of  5.  As 
shown  in  Table  1,  the  fraction  of  GFP+  cells  increased  to  84%  and  95%  when  transduced 

with  HIV7/endo  and 
HIV7/angio,  respectively.  To 
determine  the  combined  effect 
of  endostatin  and  angiostatin, 
we  mixed  equivalent  fractions 
of  HIV7/endo  and  HIV7/angio 
transduced  PC3  cells.  The  GFP+  fraction  in  this  population  was  determined  to  be  80% 
(HIV7/endo  +  HIV7/angio  in  Table  1).  Since  endostatin  was  tagged  with  the  influenza 
HA  peptide  [1],  to  determine  whether  angiostatin  was  expressed  and  at  what  level,  the 
culture  supernatant  or  cell  extract  from  PC3  cells  transduced  with  either  HIV7/GFP  or 


Table  1 .  Percentage  of  GFP+  PC3  cells  transduced  with 
different  HTV  vectors. 
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HIV7/angio  were  prepared  and  subjected  to  Western  blot  analysis  using  a  HA-specific 
antibody.  As  shown  in  Fig.  2,  angiostatin  expression  was  readily  detectable  in  the  culture 

supernatant  and  the  cell 
extract  derived  from  PC3  cells 
transduced  with  HIV7/angio 
but  not  in  PC3  cells 
transduced  with  HIV7/GFP. 
Since  the  antibody  specific  for 
endostain  is  not  currently 
available,  we  were  not  able  to 
perform  a  similar  experiment 
to  evaluate  endostatin  expression.  To  determine  whether  expression  of  the  angiogenesis 
inhibitor  affects  the  proliferation  of  PC3  cells,  the  growth  rate  of  these  cell  lines  were 
determined.  As  shown  in  Fig.  3,  no  distinct  difference  in  the  growth  rate  of  these  cells 

could  be  detected.  To  determine 
whether  the  angiogenesis 
inhibitors  produced  from  these 
cell  lines  were  capable  of 
blocking  the  proliferation  of 
normal  endothelial  cells,  the 
culture  supernatant  from  each  cell 
lines  was  harvested  and 
concentrated  with  Centricon  [2]. 
The  concentrated  supernatant  was  applied  to  primary  human  umbilical  vein  endothelial 
cells  (HUVEC)  and  cell  proliferation  was  monitored  by  the  MTT  assay.  We  have  shown 
in  the  last  progress  report  that  direct  transduction  of  HUVECs  with  HIV7/endo  or 
HIV7/angio  led  to  a  decrease  in  the  cell  proliferation  rate  in  culture.  As  shown  in  Fig.  4, 
the  culture  supernatants  harvested  from  PC3  cells  transduced  with  HIV7/endo, 
HIV7/angio  and  HIV7/endo  plus  HIV7/angio  inhibited  HUVEC  proliferation  whereas  the 
supernatants  harvested  from  PC3  cells  transduced  with  HIV7/GFP  had  little  effect  on 
HUVEC  proliferation.  A  combination  of  endostatin  and  angiostatin,  however,  did  not 


Fig,  3.  The  growth  rate  of  HIV  vector-transduced 
PC3  cells. 
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Fig.  2.  Western  blot  analysis  of  angiostatin  expression  in 
HIV7/angio  transduced  PC3  cells.  Lanes  1&  2  contain 
concentrated  culture  supernatants  from  PC3  cells 
transduced  with  HIV7/GFP  and  HIV7/angio,  respectively; 
lane  3  contains  the  cell  extract  from  PC3  cells  transduced 

with  HIV7/angio. 
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have  any  additive  effect  on  the  inhibition  of  HUVEC  proliferation.  This  experimental 

approach  mimics  the  in  vivo 
gene  therapy  conditions  where 
vector-transduced  cancer  cells 
express  and  secrete  the 
angiogenesis  inhibitor  to 
block  normal  endothelial  cell 
proliferation.  Before 
implanted  the  transduced  cells 
into  nude  mice  to  assess  the 
effect  of  angiogenesis 
inhibitors  on  tumor  growth  in  vivo ,  we  used  two  assays  to  detect  the  potential 
contamination  of  replication  competent  lentivirus  (RCL)  in  the  established  PC3  lines.  In 
the  first  assay,  the  transduced  PC3  cells  were  cultured  continuously  for  over  a  month  and 
the  culture  supernatant  was  collected  during  this  period  and  the  p24  level  was  then 
determined  using  a  commercially  available  Elisa  kit.  As  shown  in  Fig.  5,  no  significant 

level  of  p24  could  be 
detected  in  any  of  the 
transduced  PC3  cells 
at  the  end  of  this 
culture  period.  The 
values  of  p24  fell 
below  the  detection 
limitof7pg/ml.  In 
the  second  assay, 
genomic  DNA  from 

the  transduced  cells  was  prepared  at  the  end  of  the  culture  period  and  subjected  to  DNA 
PCR  analysis  to  detect  potential  RCL.  Two  pairs  of  PCR  primers  were  used:  pol-l/pol-2 
amplify  a  386-bp  fragment  in  the  reverse  transcriptase  (RT)  gene.  RCL  is  expected  to 
contain  this  gene  in  order  to  replicate  and  spread.  As  a  control,  vec-l/vec-2  amplify  a 
270-bp  fragment  presence  in  the  5’  untranslated  region  of  HIV-1 .  Both  RCL  and  the  HIV 
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vectors  used  in  this  study  are  expected  to  contain  this  sequence.  As  shown  in  Fig.  6,  the 
386-bp  fragment  could  only  be  detected  from  PCR  amplification  of  pCMV-HIV-1  which 
contains  the  RT  gene  (lanes  6,7, 18  &19).  None  of  DNA  from  the  transduced  cells 
contained  this  gene.  In  contrast,  the  270-bp  fragment  was  readily  detectable  in  the  DNA 
samples  isolated  from  the  transduced  cells.  We  concluded  that  the  PC3  cell  lines 
established  were  free  of  RCL  contamination.  To  assay  the  effect  of  angiogenesis 
inhibitor  expression  in  vivo,  we  first  determined  that  approximately  2  x  106  PC3  cells 
were  required  to  induce  tumor  in  nude  mice  within  10  days  with  subcutaneous 
inplantation.  Five  groups  of  nude  mice  with  five  mice  in  each  group  were  then  implanted 
with  2  x  106  PC3,  PC3/HIV7/GFP,  PC3/HIV7/endo,  PC3/HIV7/angio  and 
PC3/HIV7/endo  plus  HIV7/angio,  respectively.  This  is  ongoing  and  tumor  growth  in 
vivo  will  be  followed  by  measuring  the  tumor  size. 


1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24 
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Fig.  6.  PCR  analysis  of  the  genomic  DNA  from  HIV  vector-transduced  PC3 
cells.  Lanes  1, 12, 13  &  24:  100-bp  DNA  ladders.  Lanes  2-5:  HIV7/angio 
transduced  cells.  Lanes  2  &  3:  10  ng  and  100  ng  DNA  amplified  by  pol-l/pol-2. 
Lanes  4  &5:  10  ng  and  100  ng  DNA  amplified  by  vec-l/vec-2.  Lanes  6  &  7:  0.1 
ng  and  1  ng  pCMV-HIV-1  amplified  by  pol-l/pol-2.  Lanes  18  &19  are  identical 
to  lanes  6  &  7.  Lanes  8-11:  similar  to  lanes  2-5  except  that  the  DNA  was  derived 
from  HIV7/endo  transduced  cells.  Lanes  14-17:  similar  to  lanes  2-5  except  that 
the  DNA  was  derived  from  HIV7/angio  +  HIV7/endo  transduced  cells.  Lanes  20- 
23:  similar  to  lanes  2-5  except  that  the  DNA  was  derived  from  HIV7/CMV-GFP 
transduced  cells. 


Key  Research  Accomplishments 

1 .  Establish  stable  PC3  cell  lines  stably  expressing  endostatin,  angiostatin,  or  both. 

2.  Demonstrate  the  inhibition  of  primary  endothelial  cell  proliferation  with  the 
angiogenesis  inhibitors  produced  from  the  stable  PC3  cell  lines 

3.  Demonstrate  the  absence  of  RCL  in  the  established  cell  lines  and  proceed  with  nude 
mice  implantation  of  these  cell  lines  to  evaluate  tumor  formation  in  vivo 


Reportable  Outcomes 

1.  Establish  PC3  cell  lines  stably  expressing  endostatin  and  angiostatin.  These  cell  lines 
can  be  used  to  evaluate  prostate  tumor  progression  in  vivo. 

2.  Claudia  Kowolik,  a  Postdoctoral  Fellow,  received  training  in  HIV  vector  production, 
RCL  detection  and  tumor  cell  implantation  onto  nude  mice. 
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Conclusion 

1 .  Stable  human  PC3  prostate  cancer  cell  lines  expressing  endostatin  and  angiostatin 
were  established. 

2.  Expression  of  these  angiogenesis  inhibitors  had  no  effect  on  PC3  cell  proliferation  in 
culture. 

3.  The  angiogenesis  inhibitors  produced  from  PC3  cells,  however,  inhibited  the 
proliferation  of  primary  human  endothelial  cells  in  culture. 

4.  No  RCL  could  be  detected  from  these  stable  PC  cell  lines.  These  cell  lines  therefore 
can  be  used  to  implant  onto  nude  mice. 
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